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DESCRIPTION 
SLAB TYPE SOLID-STATE LASER OSCIL LATING DEVICE 

Technical Field 
The present invention relates to a solid-state laser oscillating 
device for use in a laser beam machine or the like. 

Background Art 

A Solid-state laser oscillating device such as YAG laser is capable 
of providing a high-output, stable laser beam, and thus is widely used in 
a laser beam machine for carrying out cutting, welding, etc. of metallic or 
nonmetallic materials, as well as in other types of machines. FIGS. 4a 
and 4b are sectional views of a conventional slab type solid-state laser 
oscillating device, taken in two directions perpendicular to each other. 

A coordinate system is illustrated to indicate directions, wherein x, 
y and z axes indicate a thickness direction, a width direction and a 
longitudinal direction of a slab type laser medium, respectively. 
Accordingly, in FIGS. 4a and 4b, symbols T and D represent a thickness 
and a width of the slab type laser medium (laser crystal), respectively. It 
is to be noted that the "thickness direction" and the "width direction" are 
referred to for the sake of convenience, and when the thickness direction 
is referred to as an extending direction of one pair of opposite sides of a 
rectangular section of the slab type laser medium, which is perpendicular 
to a longitudinal axis thereof, the width direction will be referred to as ja 
direction in which the other pair of opposite sides extends. . 

The slab type laser medium (e.g., YAG laser crystal) 1 having the 
thickness T and the width D is disposed in a reflector (not shown) having 
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high-reflectivity inner surfaces, together with an excitation light source 
(not shpwn) such as a krypton lamp and a semiconductor laser. The slab 
type laser medium 1 is 1 pumped by an excitation light falling thereon 
directly from the excitation light source or indirectly after being reflected 
5 by the reflector, as indicated by arrows 10 in FIG. 4a, 

A partial reflection mirror 2 and a total reflection mirror 3 are 
arranged on opposite sides of the slab type laser medium 1, respectively, 
constituting a Fabry-Perot type optical resonator. In order to maintain a 
high efficiency of the optical resonator, opposite end faces 11a and lib 

10 of the slab type laser medium 1 are obliquely cut at such an angle as to 
approximately satisfy the Brewster% condition with respect to the 
thickness direction (x-axis direction). 

In the illustrated example, the partial reflection mirror 2, the slab 
type laser medium 1 and the total reflection mirror 3 are arranged in a 

15 straight line, and the reflection mirrors 2 and 3 are arranged in alignment 
with a central axis 6 of the slab type laser medium 1 so that their 
reflecting surfaces are faced opposite to each other. Although the partial 
and total reflection mirrors 2 and 3 are illustrated as plane mirrors, one or 
both of them may comprise a concave mirror (e.g., a concave spherical 

20 mirror). 

A laser beam 9, which is generated by laser pumping the slab type 
laser medium 1 by means of the excitation light 10, is amplified inside 
the laser medium 1 while traveling back and forth between the reflection 
mirrors 2 and 3, and a part thereof is let out as a laser beam output 12. 
25 The laser output 12 from the partial reflection mirror 2 is used for the 
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purpose of laser beam machining or the like. 

An enormous amount of heat is generated in the pumped slab type 
laser medium 1, and it is therefore necessary to remove the generated 
heat. This applies also to the case where a cylindrical rod type laser 
5 crystal having a circular cross section is used as the laser medium. To 
remove the heat generated in the laser medium, generally employed is a 
method wherein a cooling medium (pure water) is circulated to com? into 
contact with the surface of the slab type laser medium 1 (or the rod type 
laser medium)* 

10 There arises a problem that a temperature gradient occurs inside 

the laser medium from a surface region to a central region thereof. The 
temperature gradient entails a refractive index gradient. Such a refractive 
index gradient is a cause of reduction in quality of the laser beam. This 
is because an uniformity of lengths of optical paths (taking the refractive 

15 index into account) of lights traveling back and forth between the partial 
and total reflection mirrors 2 and 3 in passing the laser medium become 
lower. Namely, an optical path length of a light which passes a long 
distance in the vicinity of the surface where the temperature is relatively 
low (low refractive index) differs from that of a light which passes a long 

20 distance in the vicinity of the central axis 6 where the temperature is 
relatively high (high refractive index), so that the effective resonator 
length becomes nonuniform. 

As a result, an uniformity of phase of the light present in the 
resonator lowers and thus a divergent laser beam is output Such a lase 

25 beam is difficult to converge into a sufficiently narrow beam with high 
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energy density using an optical converging system, and is generally 
considered a low-quality laser beam. 

When a cylindrical rod type laser crystal having a circular cross 
section is used as the laser medium, the refractive index is the highest 
5 near the central axis and lowers with distance from the central axis 

toward the peripheral region, thus forming a nearly concentric refractive 
index profile. Consequently, a light beam passed through a rod type 
laser crystal having a circular cross section has variation in phase and 
thus is divergent. 

10 To the contrary, in the case where a slab type laser crystal is used 

as the laser medium, the above problem can be settled to some extent. 
Namely, by making the laser beam repeatedly subjected to total 
reflections inside the slab type laser medium 1 so as to form a zigzag 
optical path, as shown in FIG. 4a, the laser beam passes evenly through 

15 the hi^h-refractive index region (near the central axis 6) and low- 
refractive index region (near the surface) of the slab type laser medium 1, 
so that a large difference of the optical path lengths is difficult to occur. 

In the case where the opposite end faces 11a and lib of the slab 
type laser medium 1 are inclined, the optical path in the laser medium 1 

20 can be made zigzag even if the angle of inclination of the end faces does 
not fulfill the Brewster^ condition, to make the optical path lengths 
uniform. Also, even in the case where the opposite end faces 11a and 
lib of the slab type laser medium 1 are not inclined, the laser beam can 
be repeatedly subjected to total reflections to form a zigzag optical path^ 

25 in the laser medium 1 to improve the quality of the laser beam, by 
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arranging the partial and total reflection mirrors 2 and 3 so that the laser 
beam is obliquely incident on and emitted from each of the end faces 11a 
and lib. 

This is a reason why the slab type laser medium is employed in a 
5 high-output solid-state laser oscillating device. Howpver, as seen from 
the laser beam 9 shown in FIG. 4b, the optical path in the slab type laser 
medium 1 can be made zigzag only in one direction (in thi$ example, the 
x-axis direction, Le., the thickness direction), and it is impossible tp 
make the optical path zigzag in the width direction (y-axis direction) 

10 perpendicular to the above one direction at the same time. 

Naturally, the refractive index gradient causes in the slab type laser 
medium 1 not only in the thickness direction but also in the width 
direction, and therefore, an improvement of quality of the laser beam by 
the above method of zigzagging the optical path can be expected only in 

15 the thickness direction (or the width direction). Accordingly, in a 

conventional laser oscillating device using the slab type laser medium, a 
converging capability (the extent to which the beam can be focused) of 
the output laser beam would be sufficient in one direction (x- or y-axis 
direction) but insufficient in a direction (y- or x-axis direction) 

20 perpendicular to the above one direction. 

To solve the problem, the method can be employed in which a slab 
type laser medium 1 having a sufficiently large width D with respect to 
the thickness T is used and only a central portion in the width direction 
where the refractive index gradient is relatively small is used for the laser 

25 oscillation. This method is, however, associated with a problem that a 
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portion of the laser medium which can be utilized in laser amplification is 
small in comparison with its size, Le., a relatively large laser crystal is 
required for the same laser output. 

Disclosure of Invention 
5 An object of the present invention is to provide a slab type laser 

oscillating device capable of outputting a laser beam having a enhanced 
quality not only in the thickness direction but also in the width direction. 
Particularly, the object of the invention is to provide a slab type laser 
oscillating device capable of outputting a laser beam having an enhanced 

10 quality in both thickness and width directions, without increasing a 
portion of a laser medium which is not used for laser amplification. 

A solid-state laser oscillating of the present invention comprises a 
slab type laser medium in the form of an Nd-doped YAG laser crystal, 
etc. and arranged in an optical resonator is subjected to laser pumping to 

15 obtain a laser output An obliquely bent pptical path is formed in the 

optical resonator so as to lower an undesirable influence of a gradient of 
refractive index caused in the slab type laser medium* 

According to the present invention, the optical resonator comprises 
a bending mirror disposed close to one end face of the slab type laser 

20 medium in a longitudinal direction thereof, and partial and total reflection 
mirrors obliquely disposed adjacent to each other and close to the other 
end face of the slab type laser medium. The bending mirror, the partial 
reflection mirror and the total reflection mirror are arranged so that an 
optical path is obliquely formed between th? partial aqd total reflection 

25 mirrors via the bending mirror with a longitudinal axis of the slab type 
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laser medium situated therebetween, in a first section along an extending 
direction of a pair of opposite sides of a rectangular section 
perpendicular to the longitudinal axis. A laser beam is let out of the 
optical resonator through the partial reflection mirror. 
5 Preferably, the slab type laser medium is arranged in the optical 

resonator so that at least a 50% part of the slab type laser medium is 
occupied by the obliquely bent optical path formed in the optical 
resonator. In the case where a spherical mirror is used for the bending 
mirror and plane mirrors are used for the partial and total reflection 

10 mirrors, the above condition is expressed as u + s «s (L + h)/2, where s is 
a length of the slab type laser medium in the longitudinal direction, u is a 
distance between a center of a reflecting surface of the spherical mirror 
and the closer one of the end faces of the slab type laser medium, L is a ' 
radius of curvature of the reflecting surface of the spherical mirror, and h 

15 is a length of an overlapping region in which a beam path between the 
partial reflection minor and the bending mirror overlaps with a beam 
path between the total reflection mirror and the bending mirror in the 
longitudinal direction of the slab type laser medium. 

JUKI L/^aiii 

It is preferable that the opposite end faces of the slab type laser medium 
are inclined at an angle approximately satisfying the Brewster's condition 
in the second section. 

Brief Description of Drawings 
25 FIGS, la and lb are sectional views of a slab type solid-state laser 



©03 3502 2570 Ult-KIT -(V- ^sv Lit ♦ STAAS&HALSEY ©016/033 



8 

oscillating device according to an embodiment of the present invention, 
taken in two directions perpendicular to each other, respectively; 

FIG. 2 is a diagram showing an inappropriate arrangement of a 
bending mirror, a partial reflection mirror and a total reflection mirror 
5 relative to a slab type laser medium; 

FIG. 3 is a diagram showing an arrangement of the bending mirror, 
the partial reflection mirror and the total reflection mirror relative to the 
slab type laser medium under a condition that a light beam is allowed to 
pass at least 50% of the laser medium; and 
10 FIGS. 4a and 4b are sectional views of a conventional solid-state 

laser oscillating device using a slab type laser medium, taken in two 
directions perpendicular to each other, respectively. 

Best Mode of Carrying out the Invention 
FIGS, la and lb show a structure of a principal part of a slab type 
15 laser oscillating device according to the present invention. FIG. la is a 
sectional view taken along a thickness direction of the slab type laser 
medium, and FIG. lb is a sectional view taken along a width direction of 
the laser medium. A coordinate system is described in the sectional 
views in order to indicate the thickness direction (x-axis direction), width 
20 direction (y-axis direction) and longitudinal direction (z-axis direction) of 
the slab type laser medium, in the same manner as FIGS. 4a and 4b. 

A slab type laser medium 1 used in this embodiment is disposed in 
a reflector (not shown) having high-reflectivity inner surfaces, together 
with an excitation light source (not shown) such as a xenon lamp and a 
25 semiconductor laser, as in conventional devices. As the slab type laser 
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medium 1, a YAG laser crystal doped with Nd ions is preferably used. 
The YAG laser crystal 1 may have the size: length s = 206 mm; thickness 
T = 6 mm; and width D = 25 mm, for example. 

The slab type laser medium 1 has opposite end faces 11a and lib 
5 obliquely cut at such an angle as to approximately satisfy the Brewster's 
condition with respect to the thickness direction (x-axis direction). As 
indicated by arrows 10 in FIG, la, the slab type laser medium 1 is 
subjected to laser pumping by a direct light from the excitation light 
source or an indirect light reflected by the reflector. Like conventional 

10 solid-state laser oscillating devices, the slab type laser medium 1 is 
disposed in an optical resonator using a plurality of reflecting mirrors 
(total reflection mirror and partial reflection mirror) to constitute a laser 
resonator. However, as especially shown in FIG. 4a, the device of the 
present invention differs from the conventional devices in a structure of 

15 the optical resonator. 

Specifically, a Fabry-Perot type optical resonator is constituted by 
arranging a bending mirror 4 at a location close to one end face 11a of 
the slab type laser medium 1 in the longitudinal direction thereof, and 
obliquely arranging a partial reflection mirror 2 and a total reflection 

20 mirror 3 side by side at locations close to the other end face lib, so that 
an optical path is formed between the partial mirror 2 and the total 
reflection minor 3 through the bending mirror 4. In this embodiment, 
plane mirrors are used as the partial and total reflection mirrors 2 and 3 
while a spherical mirror is used as the bending mirror 4. 

25 In order to form such a bent optical path between the partial 
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reflection mirror (partial reflection plane mirror) 2 and the total reflection 
mirror (total reflection plane mirror) 3, using the spherical mirror 4 as the 
bending mirror, the individual mirrors are arranged so as to fulfill the 
following conditions. 
5 I) The positions of the mirrors 2, 3 and 4 in the thickness direction 

(x-axis direction) are held at an identical level. Thus, when viewed in a 
section taken along the thickness direction, an optical path shown in FIG. 
la is formed. Namely, inside the slab type laser medium 1, a zigzag 
optical path repeating the total reflection is formed in the thickness 
10 direction (x-axis direction), and outside the slab type laser medium 1, a 
optical path not zigzagging in the thickness direction (x-axis direction) 
but extending along the longitudinal direction (z-axis direction) is 
formed. 

II) An intersecting point of a straight line, which connects a center 
15 7 of the reflecting surface of the partial reflection mirror 2 with a center 8 

of the reflecting surface of the total reflection mirror 3, arid a central axis 
6 of the slab type laser medium 1 coincides with a center Q of curvature 
of the reflecting surface of the spherical mirror 4. 

III) The angle 6 of inclination of the individual minors 2 and 3 is 
20 set to a value such that a perpendicular line to the reflecting surface of 

the partial reflection mirror 2 at the center 7 and a perpendicular line to 
the reflecting surface of the total reflection mirror 3 at the center 8 
intersect at a center 5 of the reflecting surface of the spherical mirror 4. 
It is to be noted, however, that the combination of the positions of 
25 the partial and total reflection mirrors 2 and 3, and the inclination angle 6 
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matching therewith can be selected in design. Namely, as seen from 
FIG. lb, when forming the optical path going and returning between the 
partial and total reflection mirrors 2 and 3 obliquely arranged side by 
side, and bending at the bending mirror 4, a V-shaped parting is formed 
5 between going and returning paths (i.e. the path between the partial 
reflection mirror 2 and the spherical mirror 4 and the path between the 
total reflection mirror 3 and the spherical mirror 4). In general, the larger 
the inclination angle 9 is set, the wider the parting becomes. 

As the going and returning paths have such a parting, a triangular 

10 overlapping region 20 where the going and returning paths overlap with 
each other is formed at a location close to the spherical mirror (bending 
mirror) 4, while a triangular blank region 30 is formed at a location 
remote from the spherical mirror 4. Generally, the larger the inclination 
angle 6 is set, the shorter the length h of the overlapping region 20 

15 becomes, and the larger the length L-h of the blank region 30 becomes 
(where L is a radius of curvature of the spherical mirror 4). In order to 
achieve high-efficiency laser oscillation using the slab type laser medium 
1, it is preferable that a major part of the slab type laser medium 1 is 
situated in the overlapping region 20. 

20 Accordingly, in this embodiment, the slab type laser medium 1 is 

placed so that its overall length s is situated within the length h of the 
overlapping region 20. Also, as shown in FIG. lb, the individual 
elements are arranged so that a light beam traveling back and forth within 
the resonator passes through the slab type laser medium 1 obliquely in a 

25 section along the width direction substantially over the entire width W of 
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the laser'mediurn 1. For example, when adjusting the positions of the 
partial and total reflection mirrors 2 and 3, the inclination angle 6, the 
position of the laser crystal 1, eta so as to satisfy the above conditions 
using an Nd-doped YAG laser crystal having a length s s 206 mirij a 
5 thickness T = 6 mm and a width D = 25 mm, the following values were 
obtained: L - 800 mm, u = 200 mm, and h = 505 mm. 

With the above arrangement, an average laser output of 1 kW at 
maximum was obtained in continuous or pulsed oscillation by pumping 
the slab type laser medium 1 using a krypton lamp. As an index 

10 representing beam quality of the output beam emitted from the partial 
reflection mirror 2, a product of a beam waist and a total divergence 
angle of the beam was found to be 80 mm-mrad in the width direction of 
the slab type laser medium 1. For the purpose of comparison, the above 
index with respect to a conventional device using an identical slab type 

15 laser medium 1 was obtained as 510 mm-mrad. 

Thus, it was confirmed that the beam quality in the width direction 
of the slab type laser medium 1 is greatly improved. 

The beam quality in the width direction is improved witif the 
aforementioned arrangement because the laser beam 9 traveling back and 

20 forth between the partial and total reflection mirrors 2 and 3 obliquely 
passes through the laser medium 1 in any section taken along the width 
direction. Namely, there is any beam passing only a region of the 
relatively high icHaciivc iudcA iu ihc slab type laser medium 1, nor any 
beam passing only a region of the relatively low refractive index in the 

25 laser medium 1. 
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As a result, a phase deviation of the laser beam 9 caused in passing 
the slab type laser medium 1 lessens as a whole, and the laser beam 12 
outputted from the partial reflection mirror 2 becomes non-divergent. In 
other words, an undesirable affection of temperature gradient which 
5 occurs inside the slab type laser medium 1 by cooling is prevented to 
improve the quality of the laser beam in the width direction (in general 
expression, in the direction of a pair of opposite sides of the rectangular 
section). 

In the embodiment shown in FIGS, la and lb, the slab type laser 

10 medium 1 is positioned so that the overall length s is situated within the 
length h of the overlapping region 20, In practice, however, the position 
of the slab type laser medium 1 may be shifted in some extent toward the 
partial reflection mirror 2 or the total reflection mirror 3. Nevertheless, 
as shown in FIG- 2, an arrangement that the slab type laser medium 1 is 

15 entirety outside the overlapping region 20 is obviously inappropriate. 

A condition for allowing the light beam 9 to pass at least 50% of 
the slab type laser medium 1 will be derived on a computational basis 
with respect to a case where a plane mirror is used for the partial and 
total reflection mirrors 2 and 3, and a spherical mirror with a reflecting 

20 surface having a radius of curvature of L is used for the bending mirror 4, 
FIG. 3 illustrates the arrangement of the bending mirror and the 
partial and total reflection mirrors satisfying the above condition, where 
the two hatched rectangles are obtained by cutting off outside portions of 
the rectangles each having a width of D/4 (D is the length of the slab 

25 type laser medium 1 in the width direction) from rectangles which are 
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symmetrical with respect to the axis 6 of the slab type laser medium 1 
and having a width of D/2 and a length of s (s is the length of the laser 
medium 1 in the longitudinal direction). The aforementioned condition 
(beam passage of 50%) can be regarded as being satisfied if the two 
5 hatched rectangles are within the light beam 9, To this end, the 
relationship indicated by the following expression (1) needs to be 
fulfilled. 

u + s s (L + h)/2 (1) 
The individual symbols, as explained with reference to FIG. lb, 
10 represent as follows: s is a length of the slab type laser medium 1 in the 
longitudinal direction, u is a distance between the center 5 of the 
reflecting surface of the spherical mirror 4 and the end face lib of the 
slab type laser medium 1, L is a radius of curvature of the reflecting 
surface of the spherical mirror 4, and h i$ a length of the overlapping 
15 region 20. 

The above condition indicated by the expression (1) may be 
regarded as a criterion for permitting a solid-state laser oscillating device 
under the technical concept of the present invention to operate with a 
desirable efficiency. Substituting the specific values used in the 
20 embodiment, Le., s = 206 mm, L = 800 mm, u = 200 mm and h = 505 
mm, into the expression (1), it is found that the values of left and right 
sides of the expression (1) are 406 mm and 682-5 mm, respectively, to 
prove that the relationship of the expression (1) is adequately satisfied. 
The foregoing description is made with respect to the case where 
25 plane mirrors are used for the partial and total reflection mirrors 2 and 3, 
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and a spherical mirror is used for the bending mirror 4. It is obvious, 
however, that an obliquely bent optical path can be formed according to 
the principle of the present invention by using a concave mirror other 
than the spherical mirror as the bending mirror 4. Needless to say, a 
5 spherical mirror having a large radius of curvature can also be used for 
the partial mirror 2 or the total reflection mirror 3, provided that the use 
of such mirrors does not make it impossible to form an obliquely bent 
optical path. 

According to the present invention, a resonator structure for 
10 forming an optical path extending between partial and total reflection 
mirrors via a bending mirror is incorporated in a solid-state laser 
oscillating device using a slab-type laser medium. This makes it possible 
to output a laser beam having a high quality in one of two directions 
along the sides of a rectangular section of the slab type laser medium. 
15 Also, by combining this technique with the technique of forming a zigzag 
optical path, it is possible to output a laser beam having a high quality in 
both directions of the rectangular section of the slab type laser medium. 



